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The association of ozone with preterm birth is stronger in women who develop gestational diabetes mellitus.
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Abstract 
Prenatal exposure to ambient air pollutants may cause adverse birth outcomes, but few studies have examined the association between air pollution and preterm birth after stratifying by pregnancy complications. We conducted a population-based case-control study of 1,510,064 singleton births from the Taiwanese birth registry during 2001 to 2007. From the total of 1,510,064 births, we took all preterm births (86,224) as the case group and then randomly selected a further 344,896 from the remaining births (equivalent to four normal births for every one preterm birth) as the sample. An inverse distance weighting approach was used to calculate an average exposure parameter for air pollutants. The adjusted odds ratio for preterm birth per 10 ppb increase in ozone was, for women with gestational diabetes mellitus exposed in the third trimester, 1.12 (95% confidence interval: 1.01, 1.23) and in women without gestational diabetes was 1.02 (95% CI: 1.01, 1.03) (p for interaction < 0.001). These findings suggest that exposure to O3 in pregnancy is associated with increased risk of preterm birth, particularly for women with gestational diabetes mellitus.
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Preterm birth is a significant perinatal health problem across the globe, which increases the risk of neonatal morbidity and mortality compared to term birth (1-4). In Taiwan, this is especially important due to the declining fertility rate (15.52 % to 10.08 % from 1992 to 2012). The prevalence of preterm births worldwide (1) is 9.6% and in Taiwan, averages 9.2%. There is growing evidence of the potential impact of ambient air pollution on human health risks such as mortality, adverse reproductive outcomes, respiratory and cardiovascular disease, particularly in pregnant women and newborn children (5-9). In the past decade, ambient air pollution concentration in Taiwan has decreased for most key pollutants except for ozone (O3), which has gradually increased (10). Most previous studies of the links between air pollution and preterm births have explored the association between traffic-related pollutants or particulate matter and preterm birth rather than ozone (11-14). One animal experiment reported that exposure to O3 during late gestation in a rat led to abnormal reproductive function (15). However, it is still unclear which biological mechanisms operate during O3 exposure in humans. Numerous epidemiological studies have provided evidence that ambient air pollution plays an important role in preterm birth. The results for O3 and preterm birth, however, are inconsistent (16-21). These inconsistent results may be due to differences in the prevalence of conditions that modify the association or in the average concentration of O3 in the areas studied.
In addition to adverse birth outcomes, existing studies have examined the association between pregnancy complications and air pollution (19, 22-25). However, to our knowledge, no study has yet explored interaction between air pollution and pregnancy complications on the risk of preterm birth.
We conducted a population-based case-control study to assess the association between air pollution and preterm birth in single- and multi-pollutant models. The present study also investigated the link between air pollution exposure and the risk of preterm birth in the subgroups of pregnant women who experienced pregnancy complications.
METHODS
Study population
We conducted a population-based case-control study to assess the association of air pollution with preterm birth and to see if it varied in women who developed complications of pregnancy. By law, all births in Taiwan are required to be reported in the Taiwan Birth Registry within 15 days of delivery. Almost 99% of pregnant Taiwanese women have free prenatal care, with at least 10 prenatal care visits during pregnancy covered by national health insurance. The Taiwanese birth registry is a valid source of data for preterm births, with a low missing information rate (1.6%), high sensitivity and specificity (92.8% and 99.6% respectively), and reliability (Cohen’s k statistic was 0.92) (26).
In the birth registry, preterm birth is defined as a gestational age of less than 37 weeks based on routine ultrasound examination. The source population comprised 1,510,064 singleton births registered in the Taiwanese Birth Registry from 2001 to 2007. We excluded births with any birth defects (ICD-9-CM: 740-758, n=9,073) and where the mother had chronic disease (chronic diabetes, chronic hypertension, heart disease, n=5,090). Birth defects and other health conditions were primarily diagnosed by physicians. We excluded maternal smoking (n = 394), birth weight less than 500 gram or greater than 5,000 gram (n = 469), gestational weeks less than 20 weeks or greater than 42 weeks (n = 329), and those with a birthplace in an area where air pollution monitoring data was missing (n = 15,074). The final study population used in the statistical analysis included 86,224 preterm births and 344,896 randomly selected control subjects. The study was approved by the Institutional Review Board of the China Medical University Hospital, and it complied with the principles outlined in the Helsinki Declaration. Because the data were anonymised, the Institute Review Board specifically waived the need to obtain consent from each subject.
Exposure assessment
Data for five of the major air pollutants ( ozone (O3), carbon monoxide (CO), nitrogen dioxides (NO2), particles with an aerodynamic diameter of 10 (m or less (PM10) and sulfur dioxide (SO2)) were obtained from 72 Taiwan Environmental Protection Agency (EPA) air quality monitoring stations on Taiwan’s main island. 
Data on air pollution concentrations are continually measured by fully automated monitoring stations on an hourly basis — CO by non-dispersive infrared absorption, NO2 by chemiluminescence, O3 by ultraviolet absorption, PM10 by beta-gauge, and SO2 by ultraviolet fluorescence.
The map coordinates of air monitoring stations and air pollution were identified and managed by a geographic information system (GIS) (ArcGIS version 10; ESRI, Redlands, CA, USA). The air pollutant measurements were integrated into monthly data points and interpolated to pollutant surfaces using an inverse distance weighting (IDW) approach with suitable spatial resolution (100 m) (27). For the IDW approach, we used the inverse square distance method by using the 3 closest monitoring stations within 25 kilometers of each grid cell to calculate the monthly mean concentration for each of the air pollutant. To obtain post-code-level pollutant concentrations, we integrated the monthly air pollution data with the post-code area for each grid cell, and then assigned it to individual women using their own post-code number. The postal code was typically representative of one block in urban areas but was larger in rural areas. 
The average concentrations were calculated from the daily maximum of the 8-hour period from 10:00 am to 6:00 pm for O3, and from the 24-hour average concentration for CO, NO2, PM10, and SO2 for the duration of pregnancies during 2000 to 2007. We averaged the air pollution data over the first trimester (1-3 months), second trimester (4-6 months) and third trimester (7 months to birth) of gestation based on the birth date and gestational age reported on the birth registry. 
Covariates
The covariates constructed from the routinely available birth registration data included maternal age (<20 years of age, 20-34, >34), gender of the infant (male; female), season of conception (spring; summer; fall; winter), and year of conception. We obtained salary data from the Bureau of National Health Insurance to calculate the average annual household income in each post-code area and assigned this to subjects by post-code. The socioeconomic status of each post-code area was classified into four levels : > 75th percentile, 75th to 50th percentile, 50th to 25th percentile, < 25th percentile.
Statistical methods
For the dichotomous outcome variable, we applied a logistic regression model with and without adjustment for covariates to explore the relation between air pollution, pregnancy complications and preterm births for three trimesters during pregnancy. We identified adjustment factors based on chi-square tests and t-tests including the covariates listed above, which were associated with preterm birth or air pollution. Further, we also selected adjustment factors a priori and included them into the final model.
Single-pollutant models were fittedto estimate the association with preterm birth. We also fitted multi-pollutant models to examine the association of ozone exposure on preterm birth while controlling for other pollutants. However, we did not fit to CO and NO2 data in the same model due to the high collinearity (correlation coefficient r = 0.83). 
The association of each pollutant with the risk of preterm births was estimated as the odds ratios (ORs) per 10 ppb change for O3 and NO2, per 1 ppb change for SO2, per 100 ppb change for CO, and per 10 µg/m3 change for PM10, along with their 95% confidence intervals (CIs). We used Statistical Analysis System, version 9.3 (SAS Institute, Inc., Cary, North Carolina) to perform all statistical analyses. Statistical significance was based on a two-side test with a p-value less than 0.05.
As a first step, we selected air pollutants which had a significantly positive association with preterm birth. We hypothesised that common pregnancy complications such as gestational diabetes mellitus (GDM), gestational hypertension, and pre-eclampsia could interact with air pollutants. We then performed a stratified analysis to explore the association between the pollutant and preterm birth by two levels of pregnancy complications (non-disease and disease). Secondly, we created an interaction term (exposure*pregnancy complication) to add into the model and used Wald’s method to assess the multiplicative interaction. We only assessed the interaction during the second trimester and the third trimester , as the general diagnostic periods for gestational hypertension and pre-eclampsia were after 20 weeks of gestation, and routine screening for GDM begins after 24-28 weeks of gestation.

RESULTS
Characteristics of case and control subjects
The distribution of maternal and infant characteristics in the study population is presented in Table 1. A larger proportion of cases featured male infants (57%), maternal age < 20 years, maternal age ≥ 35 years, and lower socioeconomic status (< 25th), than controls. The odds of preterm birth were higher for those mothers who experienced pregnancy complications including GDM, gestational hypertension, and pre-eclampsia (Table 1). 
Air pollution
The distributions of monthly mean air pollutant concentrations and correlations for the three trimesters of the pregnancy are presented in Table 2 and Table 3. High correlation coefficients (ranging from 0.83 to 0.84) were found between the three trimesters for average concentrations of NO2 and CO, reflecting their common emission source (motor vehicles). The concentrations of O3 were moderately associated with PM10 (r = 0.52-0.53), and positively but weakly correlated with SO2 (r = 0.16-0.17). O3 was negatively correlated with the mainly traffic-related pollutants (Table 3). 
Air pollution and preterm births
Figure 1 shows the association estimates for preterm birth during the three trimesters in the single-pollutant model. A 10 ppb increase in O3 level was significantly positively associated with preterm birth; the adjusted odds ratio for the first trimester was 1.03 (95% CI: 1.02, 1.04), for the second trimester was 1.02 (95% CI: 1.01, 1.02), and for the third trimester was 1.02 (95% CI: 1.01, 1.03). PM10 exposure per 10 μg/m3 was slightly associated with a 1% increase in the risk of preterm birth in the first trimester, but negatively associated during the second and the third trimesters. Negative associations were found for traffic-related pollutants (CO and NO2), but no association was found with SO2 in any of the trimesters (Figure 1).
Figure 2 presents the relationship between ozone and preterm birth in nine multi-pollutant models. In the two-pollutant models (model 1 to model 3), the association estimates for O3 while controlling for other pollutants ranged from a 1% to 4% increase in the risk of preterm birth, and the relationship remained significant during each trimester. We found a similar association during all three trimesters, that the association estimates of O3 were stable with combinations of the other two pollutants in the three-pollution models (model 5 and model 6). However, the associations between O3 and preterm birth were diluted in model 7 to model 9 (Figure 2).
Table 4 shows the association of O3 exposure with preterm birth for two different levels of pregnancy complications. In a stratified analysis adjusting for maternal age, infant gender, season of conception, and year of conception, the estimates for the association of O3 exposure with preterm birth among GDM women (adjusted OR=1.15, 95% CI: 1.05, 1.27 in the second trimester; adjusted OR=1.12, 95% CI: 1.01, 1.23 in the third trimester) were higher than for non- GDM women. We found an apparent effect modification (P for interaction<0.01) between O3 exposure and GDM on preterm birth during the second trimester and the third trimester. However, we did not find any interaction with gestational hypertension and preeclampsia (Table 4).
DISCUSSION 

In the present study, we used a large population-base to investigate the association between air pollution and preterm birth, and examined whether the association varied in the presence of pregnancy complications. We found that each 10 ppb increase in O3 exposure during the three trimester windows was associated with a 2-3% increase in risk of preterm birth. Our results show a risk increase of 1-4% in the odds of preterm birth per 10 ppb increase in O3 level when adjusted for co-pollutant exposure in the multi-pollutant models. We also found that O3 exposure during the second and third trimester of pregnancy was associated with a higher risk of preterm birth among those women with GDM. 
More than 99% Taiwanese pregnancy women have free prenatal care at least 10 prenatal care visits during pregnancy. The maternal complications are mostly diagnosed by obstericians and gynaecologists. We excluded chronic maternal disease and birth defects from the case and control subjects to reduce the possible effects on risk of preterm birth due to other factors. There are other potential confounding factors not adjusted for in the present study, such as maternal nutrition, maternal body mass index, stress, occupational, behavioral and other environment factors (28). This was due to the absence of such information available in the Taiwanese birth registry database. Although some of the potential factors above may have regional variation, we adjusted for a postcode-level measure of socioeconomic status to control for unknown local factors. However, we cannot rule out confounding from other factors such as other environmental toxicants and indoor air quality. Women in Taiwan have a lower prevalence of smoking (< 4 %) during pregnancy than in many other countries (29, 30). In the present study, we found the prevalence of smoking during pregnancy was probably under-reported in the records (0.1% among cases’ mothers and less than 0.03% among controls), which could affect the results.
An important limitation was uncertainty in classification of personal exposure when relying on ambient monitoring stations. We used the IDW approach to estimate air pollution concentration based on residential post-code rather than on address during pregnancy, and this may enhance the possibility of random exposure misclassification. This method is also best for secondary pollutants that vary at larger geographical scale and more homogeneously (e.g. O3) than for those which are more localised and dependent on combustible sources (e.g. CO, NO2) (17, 31). A previous study reported that using municipal-level air pollution monitoring data to estimate personal exposure could underestimate the effects when compared to data obtained at individual-level (32).
Like most previous studies, we did not have data about maternal mobility during pregnancy. However, a previous study in North America found that most of the mothers who did move only moved a short distance, and the majority maintained their address in the same exposure region, so the exposure misclassification due to mobility was minimal (33, 34). Whether this was also the case in Taiwan is unclear. One previous study reported a slightly strengthened association between air pollution exposure and preterm birth in women who had not moved during pregnancy (21).
The present study shows a postive association between O3 and preterm birth throughout pregnancy. These results are inconsistent with the findings of six previous studies from Australia(16, 17), California (20, 21), Canada (18), and Sweden (19). Three previous studies reported no association between O3 exposure and preterm birth during the pregnancy (18, 20 , 21). Other studies reported that the risk for preterm birth during the early trimester was significantly associated with O3 exposure (OR=1.26, 95% CI: 1.10-1.45 per 7.1 ppb ; OR=1.01, 95% CI: 1.01-1.02 per 1 ppb; OR=1.04, 95% CI: 1.01-1.08 per 10 µg/m3, respectively) (16, 17, 19), but only two of the studies above reported no association in the third trimester (16, 17). Because the concentration of O3 has gradually increased in the last decade in Taiwan, a possible reason may be the higher mean concentration of O3 level (an 8-hour average O3 level of approximately 43 ppb) in Taiwan than in those countries mentioned above (an 1-hour maximum O3 level of approximately 31 ppb). 
Our results show a negative association between traffic-related pollutants (CO and NO2) and the risk of preterm birth. This was possibly due to an inverse correlation with O3. In the multi-pollutant models, the association of O3 remained significant except when CO or NO2 were added to the model.
Atmospheric pollution is a well known risk factor in human reproduction, particularly during pregnancy (8, 35). An animal experiment reported that exposure to O3 in late gestation in rats led to abnormal reproduction (15). However, it is still unclear whether exposure to O3 in all three trimesters at pregnancy may influence preterm birth. A possible mechanism is that exposure to O3 may increase the release of proinflammatory mediators from the airway epithelial cells, macrophage and monocyte system, which is associated with preterm birth (37-39) . For example, asthma is an inflammatory disease, and O3 exposure may lead to inflammation and asthma exacerbation. One previous study reported that a history of GDM in women may be associated with upper respiratory infection, (40) which could exacerbate the risk due to exposure to air pollution.
Oxidative stress has been identified as the toxic effect of air pollution which is most relevant for adverse health effects and reproductive outcomes (35, 41, 42). Two toxicology studies reported that O3 exposure may increase lipid peroxidation products and inflammatory cytokines (43, 44). O3 is a known strong oxidizing agent that can generate hydrogen peroxide, hydroxyl radicals, and super-oxides (45), which may influence preterm birth. 
The present study suggests that exposure to O3 in outdoor air may increase the risk of preterm births over any of the pregnancy periods. Our finding also indicates that the association of O3 with preterm birth is modified by whether the mother experiences gestational diabetes mellitus.
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Table 1.
Characteristics of Cases of Preterm Birth and Controls in Taiwan, 2001-2007
	Characteristic
	Case No.
	%
	Control No.
	%
	Odds ratio
	95 % CI

	Gender of infant
	
	
	
	
	
	

	Male
	62,876
	57.34
	166,786
	51.88
	1.25
	1.23, 1.26

	Female
	46,788
	42.66
	154,670
	48.12
	1.00
	Referent

	Maternal age
	
	
	
	
	
	

	<20 years
	4,866
	4.44
	9,612
	2.99
	1.58
	1.53, 1.64

	20-34 years
	84,467
	77.02
	263,879
	82.09
	1.00
	Referent

	>34 years
	20,331
	18.54
	47,965
	14.92
	1.32
	1.30, 1.35

	Household income
	
	
	
	
	
	

	Q1 (< 25th)
	27,970
	25.51
	79,529
	24.74
	1.05
	1.03, 1.07

	Q2 (25th -50th)
	27,121
	24.73
	79,774
	24.82
	1.01
	0.99, 1.03

	Q3 (50th -75th)
	27,911
	25.45
	82,947
	25.8
	1.00
	0.98, 1.02

	Q4 (>75th)
	26,662
	24.31
	79,206
	24.64
	1.00
	Referent

	Season of conception
	
	
	
	
	
	

	Spring
	28,364
	25.86
	80,469
	25.03
	1.05
	1.03, 1.07

	Summer
	25,345
	23.11
	76,509
	23.8
	0.99
	0.97, 1.00

	Fall
	27,079
	24.69
	78,644
	24.46
	1.02
	1.00, 1.04

	Winter
	28,876
	26.33
	85,834
	26.7
	1.00
	Referent

	year of conception
	
	
	
	
	
	

	2000
	11,359
	10.36
	39,346
	12.24
	1.00
	Referent

	2001
	16,935
	15.44
	49,830
	15.5
	1.18
	1.15, 1.21

	2002
	16,087
	14.67
	47,323
	14.72
	1.18
	1.15, 1.21

	2003
	15,848
	14.45
	44,391
	13.81
	1.24
	1.20, 1.27

	2004
	15,058
	13.73
	43,171
	13.43
	1.21
	1.18, 1.24

	2005
	14,714
	13.42
	42,515
	13.23
	1.20
	1.17, 1.23

	2006
	14,214
	12.96
	42,826
	13.32
	1.15
	1.12, 1.18

	2007
	5,449
	4.97
	12,054
	3.75
	1.57
	1.51, 1.63

	Gestational Diabetes Mellitus
	
	
	
	
	
	

	Yes
	1,048
	0.96
	1,150
	0.36
	2.69
	2.47, 2.92

	No
	108,616
	99.04
	320,306
	99.64
	1.00
	Referent

	Gestational hypertension
	
	
	
	
	
	

	Yes
	1,971
	1.80
	1,151
	0.36
	5.09
	4.73, 5.48

	No
	107,693
	98.20
	320,305
	99.64
	1.00
	Referent

	Preeclampsia
	
	
	
	
	
	

	Yes
	2,355
	2.15
	768
	0.24
	9.16
	8.44, 9.93

	No
	107,309
	97.85
	320,688
	99.76
	1.00
	Referent


Abbreviation: CI, confidence interval.
Table 2. 
Distribution of Average Air Pollution Concentrationsa During each Trimester, Taiwan, 2001-2007
	
	Mean
	SD
	Minimum
	Maximum
	IQR

	O3 (ppb) 8-hour maximum

	1st trimester
	42.74
	9.33
	17.40
	77.68
	11.77

	2nd trimester
	42.94
	9.27
	17.40
	77.68
	11.72

	3rd trimester
	43.30
	9.08
	14.11
	86.55
	11.83

	NO2 (ppb) 24 hour average

	1st trimester
	21.60
	6.58
	1.11
	47.78
	9.08

	2nd trimester
	21.18
	6.60
	1.11
	47.78
	9.33

	3rd trimester
	21.09
	6.42
	1.02
	47.78
	9.03

	CO (ppm) 24 hour average

	1st trimester
	0.68
	0.23
	0.08
	2.56
	0.27

	2nd trimester
	0.66
	0.23
	0.07
	2.35
	0.27

	3rd trimester
	0.66
	0.22
	0.07
	2.35
	0.27

	PM10 (μg/m3) 24 hour average

	1st trimester
	59.81
	19.36
	20.06
	135.80
	25.05

	2nd trimester
	58.60
	18.97
	19.13
	135.80
	23.41

	3rd trimester
	59.10
	18.29
	17.51
	144.27
	22.33

	SO2 (ppb) 24 hour average

	1st trimester
	4.56
	2.22
	0.18
	18.91
	2.17

	2nd trimester
	4.52
	2.18
	0.18
	18.91
	2.17

	3rd trimester
	4.52
	2.14
	0.15
	19.55
	2.09


Abbreviation: CO, carbon monoxide; IQR, interquartile range; NO2, nitrogen dioxides; O3, ozone; PM10, particles with an aerodynamic diameter of 10 µm or less; SD, standard deviation; SO2, sulfur dioxide.
a The statistics of average air pollution concentrations are based on all study subjects (n=344,896). 

Table 3. 
Correlationsa for Average Air Pollutants Concentrations During each Trimester, Taiwan, 2001-2007
	First trimester
	CO 
	NO2
	O3
	PM10
	SO2

	CO (ppm)b
	1.00
	0.83
	-0.22
	0.23
	0.26

	NO2 (ppb)b
	
	1.00
	-0.05
	0.53
	0.51

	O3 (ppb)c
	
	
	1.00
	0.53
	0.17

	PM10 (μg/m3)b
	
	
	
	1.00
	0.52

	SO2 (ppb)b
	
	
	
	
	1.00

	Second trimester
	CO 
	NO2
	O3
	PM10
	SO2

	CO (ppm)b
	1.00
	0.83
	-0.22
	0.24
	0.26

	NO2 (ppb)b
	
	1.00
	-0.05
	0.53
	0.51

	O3 (ppb)c
	
	
	1.00
	0.52
	0.16

	PM10 (μg/m3)b
	
	
	
	1.00
	0.51

	SO2 (ppb)b
	
	
	
	
	1.00

	Third trimester
	CO 
	NO2
	O3
	PM10
	SO2

	CO (ppm)b
	1.00
	0.84
	-0.25
	0.23
	0.25

	NO2 (ppb)b
	
	1.00
	-0.10
	0.50
	0.50

	O3 (ppb)c
	
	
	1.00
	0.52
	0.16

	PM10 (μg/m3)b
	
	
	
	1.00
	0.53

	SO2 (ppb)b
	
	
	
	
	1.00


Abbreviation: CO, carbon monoxide; IQR, interquartile range; NO2, nitrogen dioxides; O3, ozone; PM10,  particles with an aerodynamic diameter of 10 µm or less; SD, standard deviation; SO2, sulfur dioxide.
a The statistics of correlation for average air pollutants concentrations are based on all study subjects (n=344,896).
b 24 hour average.
c 8 hour maximum.

Table 4. 
Adjusted Odds Ratios (95% Confidence Interval) between Ozone and Preterm Birth Stratified by Pregnancy Complications for Second Trimester and Third Trimester, Taiwan, 2001-2007
	Pollutant
	Non-gestational diabetes mellitus (n = 428,922)
	Gestational diabetes mellitus (n = 2,198)
	P for interaction

	O3 (10 ppb)a
	Odds ratio
	95% CI
	Odds ratio
	95% CI
	

	Second trimester
	1.02
	1.01, 1.02
	1.15
	1.05, 1.27
	<0.001

	Third trimester
	1.02
	1.01, 1.03
	1.12
	1.01, 1.23
	<0.001

	
	Non-gestational hypertension (n = 427,998)
	Gestational hypertension ( n = 3,122)
	

	Second trimester
	1.02
	1.01, 1.02
	1.04
	0.95, 1.13
	0.72

	Third trimester
	1.02
	1.01, 1.02
	1.04
	0.96, 1.12
	0.76

	
	Non-preeclampsia ( n = 427,997)
	Preeclampsia ( n = 3,123)
	

	Second trimester
	1.02
	1.01, 1.03
	1.01
	0.92, 1.11
	0.83

	Third trimester
	1.02
	1.01, 1.03
	1.01
	0.93, 1.11
	0.92


Abbreviation: CI, confidence interval; O3, ozone.
a O3 was calculated to 8 hour maximum.

b All of models adjusted for maternal age, gender of infant, household income, season of conception and year of conception.

Figure 1.
Adjusted odds ratios for preterm birth per 10 ppb change for O3 and NO2, 1 ppb change for SO2, 100 ppb change for CO, and 10 ug/m3 changes for PM10 from single air pollutant model. All models were adjusted for maternal age, gender of infant, household income, season of conception and year of conception, Taiwan, 2001-2007. Bars, 95% confidence interval. 1st, the first trimester; 2nd, the second trimester; 3rd, the third trimester; CO, carbon monoxide; NO2, nitrogen dioxides; O3, ozone; PM10, particles with an aerodynamic diameter of 10 µm or less.
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Figure 2.
Adjusted odds ratios for preterm birth per 10 ppb change for O3 and NO2, 1 ppb change for SO2, 100 ppb change for CO, and 10 ug/m3 changes for PM10 from multi-pollutant models. All models were adjusted for maternal age, gender of infant, household income, season of conception and year of conception, Taiwan, 2001-2007. Bars, 95% confidence interval. 1st, the first trimester; 2nd, the second trimester; 3rd, the third trimester; CO, carbon monoxide; NO2, nitrogen dioxides; O3, ozone; PM10, particles with an aerodynamic diameter of 10 µm or less.
M1: Model 1 was adjusted for O3 and PM10; M2: Model 2 was adjusted for O3 and SO2; M3: Model 3 was adjusted for O3 and NO2; M4: Model 4 was adjusted for O3 and CO; M5: Model 5 was adjusted for O3, PM10 and SO2; M6: Model 6 was adjusted for O3, PM10 and NO2; M7: Model 7 was adjusted for O3, PM10 and CO; M8: Model 8 was adjusted for O3, SO2 and CO; M9: Model 9 was adjusted for O3, SO2 and NO2; M10: Model 10 was adjusted for O3, PM10, SO2 and CO; M11: Model 11 was adjusted for O3, PM10, SO2 and NO2.
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